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(57) Abstract 

Invented is a method for determining the affinity of protein targets for chemical agents during screening of combinatorial libraries. 
The libraries are synthesized on solid supports with a gradient of coupling sites, such that the target is presented with a range of compound 
concentrations. The distribution of protein bound to the immobilized compounds is measured by quantitative image analysis. Compounds 
are ranked in order of binding affinity by comparing their ability to bind across the gradient. 
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A^EIHQD FOR DETERM I NING THF AFFTNTTY OF PPH^c gOR 
CHEMICAL AOFNTS DURING SCREENING OF POMrt^ t^, 

LIBRARIES 

PAC KGROIIND OF THF INVRmt,^, 

In view of the large number of positives that are potently observable 
during screening of large combinatorial libraries with target proteins, it is desirable 
to apply stnngent criteria to select meaningful actives for follow-up. Such criteria 
may include one or more of the following: se.ectivity for one target versus a mutant 
form or closely related protein, binding affinity for the protein target, or binding to 
fte active sue of an enzyme versus allosteric or non-specific sites. Current methods 
for eva uaang compounds against these criteria require production of the compound 
7 S ° 1Uble f0rm - d "I"— teslin e- * ?or -ample to measure the binding affinity 
of a agomst or antagonist ligand for a receptor it is necessary to incubate multiple 

Thi u ° sbl : 7 mpou i with ^ ™ eptor ° ver a range ° f comp ° und 

Th,s ,s both ted,ous and time consuming and requires the availability of relatively 
large amounts of compound. There is need in the art for a rapid method of directly 
detenrunmg the binding affinity of compounds during the screening process A 
20 novel method for determining the affinity of a compound for a protein t ar g et during 
screens of combinatorial libraries on solid phase supports is described below 

SUMMAR Y OF THF INVRNTroM 

This invention relates to an improved method of biological evaluation of 
combmatonal libraries using a method that permits direct measurement of bonding 
affinity of compounds, to a biological target. 

Aprefered aspect of the invention provides a method for determining the 

1*21 IT Pr ° teinS ChCmiCaJ a8CntS dUring ^combinatorial 
hbranes wh.ch compnses: presenting a target protein with a gradient of compound 
concentrates on a solid support; and measuring the amount of bound target at el 
concentrate. This invention also relates to compounds identified using the this 
method. Preferably the amount of bound target is measured by imaging the 
distribution of protein bound to the support. 

bearin*™ 8 ^"IT ^ * * * tpP ° n ** S ° Hd -P hase com P°^ synthesis 

bearing a non-un,form distribution of chemical coupling s i tes an to compound 
hbranes synthesized on this support. compound 



25 



30 



35 



WO 97/33169 PCT/US97/03625 



10 



15 



BRIEF DF.SCR IPTION OF THE DRAWING 

Fig. la depicts a fabrication of polymer disks with a radial distribution of 
coupling densities by coaxial extrusion. As used in Fig. la, Sc is the equivalent 
local concentration of coupling sites. 

Fig. lb is a frontal view of the coaxial extnision of Fig. la. 
Fig. 2 depicts a fabrication of rods carrying a linear gradient of coupling 
densities. 

DETAILED DES CRIPTION 
The principle of this method is to present the protein target with a range of 
spatially localized compound concentrations and measure the amount of bound 
target at each concentration. In the case of solid phase libraries, this is achieved by 
varying the coupling density of the compound to the support to create a gradient of 
surface compound density. Binding of protein to the compound gradients is 
measured by using reagents that generate an optical readout corresponding to the 
bound protein and subsequent imaging the distribution of bound protein with 
compound density. The key components of this invention are a solid support 
fabricated with a gradient of chemical coupling sites for compound attachment, a 
protein target of pharmaceutical interest, accessory reagents for generation of an 
optical signal and a quantitative imaging apparatus for measurement of the optical 
signal. 

The solid phase support is critical for this method and is fabricated with a 
predictable gradient of chemical coupling sites. Gradients are constructed on disks, 
rods, ellipsoids, beads or other substrate geometries. The preferred configurations 
are disks or rods (Figs. 1. 2). The number of chemical coupling sites on a given 
polymer is controlled by 'doping* of chemically selective linkers, photochemical 
activation/inactivation of sensitized coupling groups or controlled blocking of 
unwanted sites by chemical means, such as removing a reactive site from a Wang 
linker with an alkylating agent such as methyl iodide or removing a reactive site 
from a Merrifield linker with an alkoxide such as potassium methoxide or removing 
a reactive amine-containing linker with an acylating reagent such as benzoyl 
chloride. Preferred substrates are Rapp Tentagel, a polyethylene glycol polymer, or 
Perseptive polystyrene-polyethylene glycol polymer because they are wettable with 
aqueous reagents. 

35 Disks carrying discontinuous gradients of coupling densities are fabricated 

by co-axial extrusion of cylinders of polymer carrying defined densities of coupling 
sites (Fig. 1 .), followed by sectioning. Each layer of polymer is doped with a known 
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concentration of linker prior to extrusion by addition of a specific concentration of 
linker to the polymer. For example, if one wanted a polyethylene gjycol (PEG) 
based resin with 3.3 mM concentration of compound present, one would take bromo 
ethyl Rapp Tentagel and react it with a 10:1 ratio of para- hydroxy toluene and para- 
hydroxy benzyl alco hol with a base such as sodium hydride in a solvent such as 
DMF resulting in a 10: 1 dilution of available Wang-like linker sites. If one wanted a 
polyethy ene glycol based resin with 0.33 mM concentration of compound present 
one would take bromo ethyl Rapp Tentagel and react i, with a 10:1 ratio of para-" 
hydroxy toluene and para-hydroxy benzyl alcohol with a base such as sodium 
hydnde in a solvent such as DMF resulting in a 100: 1 dilution of available Wang- 
le hnker site, If one wanted a polyethylene glycol based resin with 33 microM 
concentration of compound present, one would take bromo ethyl Rapp Tentagel and 
react it with a 1000:1 ratio of para-hydroxy toluene and pam-hydroxytnzy, alcoho 

with a base such as sodium hydride in a solvent «,rh « rwyic i • 

... . 7 solvent such as DMF resulung in a 1000 I 

dilution of available Wang-like linker sites. 

Alternatively, one could dilute the number of available linker sites in the 
construction of a Perseptive PEG polystyrene-like particle in an analogous way by 
"sing a 10:1 ratio of unfunctionalized PEG to functionalized PEG. during the 
attachment step of the PEG units to the polystyrene particles. For a 10 fold further 
PEG T m T Si,CS ' 3 100:1 rati ° ° f unfu ---iized PEG to functionalized 

^fl7T T StCP ° f *" UnkS l ° particles. For a 

00 fold furt er ddunon in linker sites, use a 1000:1 ratio of unfunctionalized PEG 
to nationalized PEG, during the attachment step of the PEG units to the 

can be extnided and dunng extrusion, the light level can be varied to inactivate the 
inkers m the desired spaUal configuration (Fig. 2, This approach allows fabric t 
of linear or exponential gradients. Another method is to use photolithographic 

r d^T CS n VatC OF Ph ° t0i ~ ^-sensitive linkers in the des' ed 

gradi n , pattern on a photoreactive substrate, followed by die stamping to produce 
panic es carrying the imprinted pattern. The gradient may be linear, non-liCar 

For exir T T " ^ ~ » ** « ** "ree 

rf ~P«-* affinities for the protein target in the 10-100 nM 
range are desired, the gradient is fabricated to achieve an equivalent lo^ 
concentration of compound ranging from 1 to 1000 nM. The area lupied b * 
gradient is dependent on the iimit of resolution of the imaging device. Typ ^y 
«h« 1 m.t is approximately ,00 um for macro imaging with most CCD cameras in 
which case, the gra dient must occupy an area of a, least 0, x 1 mm for a recTgu, 
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gradient, to allow resolution of 100 nM steps in equivalent compound concentration. 
The use of high density CCD arrays and/or magnifying optics will permit higher 
resolution or smaller gradient areas at the expense of throughput, the latter being 
limited by the field area that can be imaged. The equivalent local concentration of 
compound is estimated from the concentration of coupling sites within the polymer. 
For example, unmodified Rapp Tentagel contains -300 pmol coupling sites per 260 
microM (swollen) bead. This corresponds to a compound concentration within the 
polymer of -33 mM, assuming a monovalent linker is used and all the coupling sites 
are occupied. The nature of the linker is chosen according to the desired chemistry 
of the subsequent combinatorial synthesis. Examples of well known linkers are 
those of Wang or Merrifield. 

Once a collection of such particles has been fabricated, synthesis of the 
library is done by conventional combine and split protocols. The result is a 
collection of particles, each with a gradient of local density of an individual 
compound. The particles are screened against a protein target by addition of the 
particles to a solution of the protein target and by measurement of the optical signal 
associated with the protein. The protein target may be soluble or membrane bound. 
It may be directly labelled with a substance capable of generating an optical signal. 
Preferably, the optical signal is fluorescence or luminescence. Fluorophores are 
20 attached to proteins by chemical means. A well known example is the use of 
fluorescein isothiocyanate which attaches fluorescein to amino groups in the protein. 
Alternatively, the protein may be indirectly labelled by providing a fluorescently 
labelled antibody that recognises the protein itself, or a suitable tag incorporated 
within the sequence of the protein. These and related techniques for labelling 
25 proteins are well known to those skilled in the art. For membrane-bound targets, 
lipophilic fluorescent dyes are available from commercial sources, for example, 1,1'- 
dioctadecyl-3.3,3 , ,3'-tetramethylindocarbocyanine, available from Molecular Probes 
of Eugene, Or. Such dyes dissolve in membrane lipids and are used to label vesicles 
carrying receptors or other membrane-associated protein targets. 
30 Prior to the addition of the protein target, the particles may be treated with a 

high concentration of a blocking reagent to occupy non-specific protein binding 
sites. Examples of such blocking reagents are 1% bovine serum albumin or casein. 
After addition of the protein target, the particle suspension is incubated lo attain 
binding equilibrium. The incubation conditions will vary for each protein target, but 
35 in general, 2 hours at 37 degrees Celsius will suffice for most targets. The optimum 
protein concentration will depend on the sensitivity of the optical detection device 
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and the binding affinity and number of active compounds in the library and may be 
determined empirically. 

Following incubation, the particles are washed with a suitable buffer for 
example. 10 mM HEPES pH 7.6. 0.15 mM sodium chloride. 0.1% NP-40 The 
parties are then spread onto a filter paper and imaged. Tne optical signal may be 
detected by using a CCD camera, such as the Tundra instrument from Imaging 
Research Inc. St Catherine's. Ontario. Canada. Positive panicles are selected by 

27lZ g T ° f ° PtiCal Si8na ' al ° ng "* ° f «* ^-t. Compound! 

that bmd the protem with high affinity will generate a signal at low compound 
densities, there ore the signal wi.l extend mto the regions of the gradient 
densn.es of such compounds. By comparison of the optica, signal of each particle at 
a gtven pomt within the compounds ^ ^ ^ affin 

After selecuon of particles carrying high affinity ligands is done as above 
the compounds are identified. Thi.s may be done by cleaving the compound from 
each part.Ce and subjecting it to ana,ysis by mass spectrometry. Altern.iveiy T 
compounds may be tagged with specific chemical markers during synthesis such 
*at the nature of the compound , encoded by the tag. Methods for such tagg ng" 
w » known to those .skilled in the art. An example of mass spectrometric compound 
■dent fication ls : A mass spectrometric solution to the address problem of 
combinatorial libraries. Brumme»-CL; Lee-IN; Zhou-Y; Benkovic-Si; W in o rad-N 
Science. 1994 264 (5157): 399-402. 'nograo ™, 



25 



Without further elaboration, it is believed that one skilled in the art can 

Whde the preferred embodiments of the invention are illustrated by the above it is 
to be understood that the invention is not limited t« th„ » 

h;o„i j . limited to the precise instructions herein 
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What is claimed is: 



1 • A method for determining the affinity of target proteins for chemical 
agents during screening of combinatorial libraries which comprises: 
5 a) presenting a target protein with a gradient of compound 

concentrations on a solid support; and 

b) measuring the amount of bound target at each concentration 

2. The method of claim 1 in which the amount of bound target is 
10 measured by imaging the distribution of protein bound to the support. 

3- A support for solid-phase compound synthesis bearing a non-uniform 
distribution of chemical coupling sites. 

1 5 4 compound libraries synthesized in the support of claim 3. 

5. Compounds identified using the methods of claim 1 . 
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